The principal object of the following experiments was to determine to what extent a known injury to the frog's egg causes it to depart from the nol~nal course of its development and how~ after recovery from the effect of the injury~ the return to the normal form is accomplished. The experiments were made on the egg of t~ana palustris and consisted mainly in injuring definite regions along the blastoporie rim a~d noting the effect on the subsequent development. A number of recent workers have assumed that no conclusion in regard to normal development can be drawn fl'om the results of experiments that injure the egg and it was the purpose of my work to examine more carefully the pretensions of this point of view.
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The operation was carried out by puncturing the dorsal lip of the early gastrula. The cells of the lip are killed; but when the needle is heated enough to destroy the lip, so much of the surrounding tissue is also injured that development is much retarded and is often prevented altogether. Eggs treated in such a manner rarely lived, I therefore found it more expedient to remove the dorsal lip with a fine cold needle or with very small scissors. In order to watch the eggs more closely I placed them in watch crystals which I had previously lined with paraffine, fastened each separate egg by its membrane with spun glass or needles~ and marked its orientation on the paraffine. In this way I could follow more accurately the formation of the blastopore and the development of the embryo. The eggs were preserved in 3 % solution of formaldehyde and the sections were stained with borax carmine and Lyons blue.
The work was carried on in the laboratory of Bryn Mawr College under the direction of Prof. T. H. MORGAN to whom I wish to express my gratitude for his assistance and criticism.
The experiments will be considered under four heads. In the first set the dorsal lip of the blastopore was destroyed in order to determine its importance in the formation and closure of therest of the blastopore and in the subsequent formation of the embryo. In the second set the eggs were punctured in the equatorial region at graded distances from the dorsal lip, in order to determine whether the active growing area was or was not confined to the region immediately surrounding the dorsal lip. In the third set I produced a small exovate in the centre of the yolk, after the blastopore had become circular, in order to determine whether the blastopore in its later stages was formed by an equal or unequal growth of ventral, lateral and dorsal lips. And in the last set of experiments I destroyed the left half of the dorsal lip to see if the other, the right half~ would then produce more than half an embryo. MORGAN had found that eggs, which had been kept in a centrifugal machine for several hours, often showed on one side a development of more than half an embryo; and as I had occasionally found that the destruction of the whole dorsal lip leads to the production of similar embryos I hoped by removing the left side of the dorsal lip to cause the right side to develop more than half an embryo.
Experiment I.
The dorsal lip of the blastopore was stuck with a cold needle, and as the needle was withdrawn the material of the dorsal lip was extruded as an exovate. According" to the size of the exovate thus formed the subsequent development is affected.
A. Method of blastopore closure.
From one to four hours after the operation, the pigment in the cells spreads further and further down, though as yet no definite blastopore rim is formed~ and the proportion of light cells to dark steadily decreases. When the blastopore rim reappears it forms lower on the yolk surface and the exovate has been carried down with it; just how I do not at present understand. If the injury to the egg has been slight the ectoderm at either side grows over the region of injury, i. e. over the slight protrusion caused by the injury 7 and the line of meeting of the ectoderm (Fig. V) is marked on the surface by a seam. The seam increases in length as the blastopore closes. The extent that the blastopore has travelled is thus marked on the surface and the region overgrown by the dorsal lip is shorter in the injured than in the normal egg. The new dorsal lip forms lower on the yolk hemisphere and the blastopore closes just beyond the lower
pole. Consequently when the embryo forms it is shorter and its ventral aspect is disproportionately large. In other eggs (F, ig. II) a new dorsal lip may form below the exovate and lower than the original lip. The lateral and ventral lips, in such cases, grow down normally and the blastopore closes. The exovate is soon detached. Normal embryos result.
The exovate in oth6r eggs (Figs. III and IV) is carried over the yolk surface as the lateral lips are moving towards each other, and prevents the blastopore from closing entirely. The exovate is never a fixed point. By actual observation its progress can be studied.
If the exovate is large the blastopore never doses completely. At times, instead of closing in from all sides either the lateral lips move faster or the ventral lip is held back, and a very long narrow yolk plug is formed (Fig. VI) The medullary folds appear along its margin. Such an embryo soon dies.
The blastopore may progress over the yolk surface in any one of these ways. By the temporary destruction of the dorsal lip its progress is arrested and consequently the dorsal lip never'travels as far as in the normal egg, i. e. the blastopore is reduced by a nearly equal growth of dorsal, ventral and lateral lips and closes-in the median yolk region. To this extent the injured egg differs from the normal egg.
B. The notoehord.
The destruction of the dorsal lip cielays or even prevents the growing together of the lateral lips, and in consequence the union of the material from the sides out of which the notochord is formed. In the normal egg the notochord appears about the time the medullary folds are beginning to roll in. On the other hand, in those eggs in which the dorsal lip is destroyed the notochord at the same period shows no signs of separation. In some eggs in which the nervous system has even rolled in and formed a tube no notochord is present. Just why its appearance should be delayed longer than the formation of the nervous system is not clear. In eggs that have been punctured the notochord seems to be derived from the same material as in the normal egg. In some eggs in which the presence of a yolk plug has caused the embryo to develop as separate halves (Figs. 28 and 29) the notoehord is formed within the mesodermal sheet of cells; while in others it lies more superficially, near the union of the endoderm and ectoderm cells. The cells at the surface as in Figs. 30, 31 and 32 are sometimes drawn into the notochord. In the embryos with large yolk plugs in the posterior region the posterior part of the embryo is divided into right and left halves. The notochord divides on each side of the yolk plug to form two smaller cords. Occasionally two notochords, normal in size, are present in one embryo and have no connection with each other throughout their length. In those eggs in which there was earlier present a yolk plug in the posterior region (which later is overgrown) one nervous system is present and the archenteron extends from side to side indicating its former double origin; but the two notoehords still persist.
C. Later development.
The peculiarities of later develoioment can best be followed by the consideration of individual eggs.
The blastopore in this egg (Fig. 1) closed in, leaving a small sized yolk plug. When the medullary folds rolled in the yolk plug was overgrown and its position marked on the surface by a small dent in the posterior third of the nervous system. This embryo shows in sections but one nervous system which posteriorly is undersized and deeply imbedded in mesoderm. Two notochords are present (Fig. 13 ) and the archenteron is arched in this region. It is difficult to tell whether the nervous system which persisted has come from the union of both sides, or whether it is the nervous system of one side only, --the one remaining, the other disappearing: but as the nervous system in the median and anterior region was of normal size ( Fig. 12) I think that the smallness of the cord posteriorly was due to the pressure of the mesodermal thickening on the cord as well as to its formation from the union of two small cords and not to its origin from one side. I can bring forward no direct proof for this conclusion. My argument rests on a knowledge of the conditions found in similar eggs of the same age and younger. The yolk plug causes at times a division of the nervous system and one half only continues to grow as in egg 2. Now if in such an egg the yolk plug were later overgrown, the nervous ` system ought to be smaller and deeply imbedded in mesoderm in that region and the archenteron ought to be arched and one notochord only should be present, as the material of one half has remained undeveloped. Since two notoehords are present in the egg we are considering, it is probable that for a short distance two nervous systems were at first present which, after the overgrowth of the yolk plug, have grown together.
In puncturing this egg (Fig. 2) the withdrawal of the needle caused the material to be extruded unevenly and so produced an irregular shaped gastrula. The blastopore lips closed in partially. When the medullary folds formed, the yolk plug was carried back and partly overgrown. At the end of two days when the embryo was killed there were present on the surface in the posterior region two yolk plugs. The development in the anterior part of the embryo is fairly normal. The brain and the anterior cord are fully developed but from the middle of the embryo (Fig. 14) posteriorly the cord decreases in size and is covered with mesoderm. In the tail there are present two yolk masses (Fig. 15 ) --an anterior one, smaller and superficial, and a posterior one, larger which is the true yolk plug. The cells of the anterior yolk mass are cut off from the yolk cells inside. Beneath the plug is a small nervous system imbedded in mesoderm, and a large notochord. The archenteron still runs from side to side and finally opens out on the surface in the region of the second yolk plug just beyond the end of the nervous system. While the original yolk plug was being carried back, probably the cells along its margin closed at some middle point dividing the yolk plug anteriorly and posteriorly. The sides of the nervous system rolled in and closed beneath the anterior yolk mass.
:Egg 3.
When the medullary folds formed, the yolk plug was found to lie in the anterior middle part of the dorsal surface of the embryo (Fig. 3) . The two halves of the nervous system formed separately. The sections show that in the anterior region ( Fig. 16 ) the nervous system is normal in size and from it the eyes developed as outgrowths. The region is beyond the area injured by the destruction of the dorsal lip and consequently the development is from both sides of the embryo. The destruction of the dorsal lip caused a separate development of the embryo posterior to it. Behind the right eye a second nerve tube is formed (Fig. 17 ). This second nerve tube runs a short distance by itself before it joins the main nervous system of the embryo (Fig. 18 ). The walls of the first and second nerve cords are continuous, though the canals are not quite united. At the very anterior end the archenteron has a more central position. It soon moves upward and to the right side and finally comes to the surface between the two nerve cords (Fig. 19) . The arehenteron is arched and moves from its central position to one nearer the surface sometime before it opens out. The two nervous systems had a separate origin. The study of the sections agrees, therefore, with observations I made on the living egg, --namely, that the yolk plug is carried backwards during the growth of the medullary folds and prevents a union of the two halves of the embryo. The notochord of each half arose independently, and the two never connected. The material of one side of this embryo gave rise to a nervous system having nearly a whole form, although reduced in size. In those embryos in which the presence of the yolk plug causes a division of the material posterior to it the tail knobs are formed separately and its halves never united. When the yolk plug has been entirely overgrown the material of the tail is often rearranged, and the tail grows upwards at right angles to the main axis of the body or even curls back on the embryo.
Egg 4.
In injuring this egg (Fig. 4) , when the needle was withdrawn more material than usual was extruded and the blastopore never closed altogether. The head of the embryo is much shortened and twisted, and there is a large yolk plug in the posterior region. The sections show that the brain and eyes are absent. The most anterior sections {Fig. 20) show a single nerve tube, continuous with the left cord, at the sides of which the ear pits are forming. Sections a little further back {Fig. 21) show the anterior end of the right cord and still further back (Fig. 22 ) the right and left cords come together, their walls touching but not fusing. Almost immediately the two separate again and the yolk plug appears between them (Fig. 23) . The left nerve tube runs only a short distance. It begins to disappear as soon as it reaches the yolk plug and all that remains in the posterior region is an ectodermal thickening. There is no notochord belonging to the left side. On the right side the outer wall of the nerve cord is thick while the wall next to the archenteron is thin, indicating that it is not a ~)whole, nervous system reduced in size, but a half nerve tube. The notochord is present on the right side. The archenteron runs from one side of the egg to the other, even in the anterior end. Here as in Egg 3 the yolk plug has caused a separation of material posterior to it.
Egg 5. In this egg (Fig. 5) it was observed that the blastopore did not close in entirely and the yolk plug was still present when the medullary folds were rolling in. It was later overgrown and its position marked on the surface by a thickening on either side of the tail. When the sections of this embryo were studied they showed apparently a very one-sided development. In the very anterior end (Fig. 24 ) the nervous system is normal size and the notochord lies on the extreme left side. In the median region (Fig. 25 )the cord is on the left, is imbedded in mesoderm, and is smaller. The canal is nearer the right wall than the left. The mesoderm is much developed on the left side, whereas on the right there is almost none. The arehenteron lies to the left of the centre. In the posterior region (Fig. 26 ) the development is even more confined to the left side. There is a break in the ectoderm and mesoderm just to the right of the centre showing where the yolk plug was more recently overgrown. The size and position of the nervous system, notochord, archenteron, and mesoderm in the tail indicate that the development is strictly one-sided. Except for the position of the notoehord the relation of the parts of the embryo in the head is normal; that is, development has taken place on both sides. From the history of the embryo and from a study of the sections I conclude that the development in the anterior region is from both sides and that in the median and tail region it is confined to the left side. In other eggs killed younger than this one as. Egg 2 for example I often found that a yolk plug caused a division of the material and that the nervous system posterior to it developed only on one side. Egg 5 is probably an older stage of such a case. This ring embryo (Fig. 6 ) is chiefly interesting because more than half an embryo has developed from one side. On the right side the nervous system and the notochord have formed and mesoderm is present on both sides (Fig. 27) . The development on the left side is a half embryo.
Egg 7.
The development of the left side 7 in this embryo (Fig. 7) is more than half. The notochord is present with mesoderm on both sides and the nervous system above it (Fig. 29) . The nerve cord in the right side, is represented by an ectodermal thickening.
I found other embryos similar to these two but showing nothing essentially new.
Experiment II.
Twenty eggs were stuck (Fig. VII) on the first appearance of the dorsal lip at a point nearly opposite to it on the white hemisphere about 150 degrees away. When the ventral lip formed (Fig. VIII) the exovate was found to be on its edge although the injury had been made higher up on the egg.
In some cases, when the exovate was small, it was overgrown; but usually the blastopore did not close in completely owing to the presence of the exovate at the ventral lip. The destruction of the region of the ventral lip leads to the appearance of a dorsal yolk plug in the posterior region of the embryo.
Figs. VII--XII.
Twenty eggs were punctured on the left side (Fig. IX) in the region from which the lateral lips of the blastopore develop half way between the dorsal and ventral lips at the time when the dorsal lip appears. The exovate (Fig. X) retarded the closing in of the blastopore. In those eggs in which the exovate still remained it was attached to the lateral lips.
Similar experiments were carried out on other eggs punetm'ing them at different points along the lateral line between the dorsal and ventral lips. Here too the exovate was attached to the lateral lips of the blastopore and retarded its closure.
From this experiment and experiment I and II, we must conclude that there is an active growing area extending around the equator of the egg from which the sides of the embryo are formed. An injury anywhere in the lower hemisphere usually delays the closure of the blastopore.
Experiment IV.
In injuring the dorsal lip of the blastopore an exovate is produced in the region of the smallest cells and therefore in the most actively growing" and moving area. Such an exovate cannot be used as a definite point for marking the relative growth and closure of the blastopore. On the other hand the yolk cells of the lower pole are large and comparatively immovable and therefore hn exovate in this region can be used to better advantage as a.point to indicate the movement of the blastopore lips. With a very fine needle I punctured 100 eggs in the median yolk region just after the blastopore had become circular (Fig. XI) . Out of this lot I selected 30 eggs in which I considered the exovate to be equidistant from all sides of the blastopore. After puncturing, each egg was fastened by its membranes with spun glass and needles to paraffine in the bottom of a watch glass and a mark made on the paraffine corresponding to the position of the dorsal lip on the egg. In the early stages of the circular blastopore the dorsal lip is marked by a deeper indentation which can easily be detected with a hand lens; but to avoid any mistake I kept many of the eggs orientated until the medullary folds appeared --thus making certain the location of the dorsal lip. In every case I found that at the end of two hours the dorsal lip was one third nearer the exovate than either the lateral or ventral lips (Fig. XII) . And in three to four hours the dorsal lip had approached the exovate and had overgrown it. During" the fourth hour the dorsal lip pushed on beyond the yolk pole; the dorsal lip had travelled over about two thirds of the yolk area. This experiment proves, first, that the dorsal lip of the blastopore progresses to a point beyond the yolk pole, and secondly, that from the time the blastopore becomes nearly circular the dorsal lip moves about one third faster than do the ventral or lateral lips. If the Figs. XIII--XX.
dorsal lip moves faster in late stages, it is iprobable that in the earlier stages it also moves more rapidly. In fact, MORGAN'S experiments go to show that this is the case.
Experiment V.
The left half of the dorsal lip was stuck on its first appearance (Fig. XIII) and an exovate was formed. The right side of the dorsal lip extends around the egg and the ventral lip often forms before the left part of the dorsal lip appears (Fips. XIV and XV), and when it does the new left side of the dorsal lip is formed beyond and under the exovate i. e. (more in the yolk area than the first position of the left side of the lip). The destruction of the left half of the dorsal lip leads, in the main~ to the same result as does the destruction of the dorsal lip. In some eggs the exovate is overgrown and the meeting of the ectoderm over it is indicated on the surface by a crooked line.
~ormal embryos result. The exovate~ in other eggs (Fig. XVII) , was so large as to retard the closure of the blastopore. A protruding yolk plug is formed in the centre of the yolk hemisphere with an exovate on the left side of the yolk plug. When the medullary folds appear in such eggs the yolk plug is found to lie in the middle part of the dorsal surface of the embryo. Many of the embryos in this experiment bend over to the left side (Figs. XVIII, XIX and XX); but in the course of two or three days such an embryo straightens itself. The bending was probably due to the material lost in removing the left part of the dorsal lip and also to the subsequent slower growth of the left half of the embryo.
I had hoped by injuring theleft part of the dorsal lip to be able to produce embryos in which the right side would produce more than a half structure, such as I had sometimes obtained in destroying the whole dorsal lip. ~o such results were obtained. In all cases the right side produced its half embryo.
Review.
IKEDA in his recent paper on ,,The Mode of Blastopore Closure and Position of the Embryonic Body,, has considered many of the same questions that I have examined in this paper, but he has reached quite different conclusions. He claims that his observations show that the normal course of development is not followed in eggs that have been punctured. IKEDA maintains that:
1) The exovate caused by puncturing the egg is a fixed point. 2) There is an overgrowth of the ventral and lateral lips to meet the exovate when the dorsal lip is destroyed.
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3) On injuring the egg in one or more places at or bebw the level of the dorsal lip~ the blastopore closes at the point of greatest injury.
4) Hence the location of the embryonic body may be either on the upper or the lower hemisphere or partly on both.
5) And therefore the method of normal development cannot be determined from the study of embryos that have been injured.
All thege con, elusions are based on the assumption that the exovate is a fixed point. If it can be shown that the exovate is not a fixed point, IKEDA'S conclusions fall to the ground. His work was done on another species of frog and it is possible that a different mode of development may be followed in that species, but I do not think it is probable. In those eggs in which I produced an exovate at any point along the equator I found that as the blastoporte rim moves over the yolk surface the exovate must either move with it or become detached. In either case the exovate ceases to be a fixed point. If the injured dorsal lip together with the exovate moves backward over the lower hemisphere, as I have shown is the case, there is no need to assume that the reduction of the blastopore is brought about by the forward growth of the ventral and lateral lips, as IKEDA claims. The same explanation can be applied to another proposition that IKED.~ makes, --namely, that the blastopore always closes at the point of greatest injury. When the exovate lies along the equator of the egg it is later carried away by the edge of the blastoporc which is growing down over the surface of the egg. Hence while the blastopore seems to close at the point of greatest injury, in reality the exovate has been carried down to the point at which the blastopore closes. I conclude from the evidence of my experiments, that the exovate is not a fixed point; and if there is no more than normal forward growth of the ventral and lateral lips over the yolk; and if the blastopore does not close at the point of greatest injury, then the position of the embryo on the egg is not indifferently on the upper or lower hemisphere surface, as IKEDA maintains, but confined mainly to the lower hemisphere and hence normal development can be at least partially determined from the study of injured eggs. It is true that if a very large exovate is formed the contents of the egg may be drawn over towards the region of injury and the closing of the blastopore interfered with and the development soon brought to a standstill. Extensive injuries of this kind cannot however fairly be brought Archly f. Entwickluagsmechanik. XVIII.
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forward as evidence to show that smaller injuries to the egg cannot be used with caution to furnish evidence as to the normal development.
Summary.
When the dorsal lip of the blastopore is stuck with a cold needle so that its material protrudes, the following changes occur: a) A new dorsal lip may form below the original lip and grow slowly and normally over the yolk; or~ b) When the median part of the dorsal lip does not reappear and an exovate is formed there, the lateral lips move down over the yolk surface carrying the exovate along with them; or, c) A small exovate is sometimes overgrown by the sides of the blastopore lips and the point of meeting of the ectoderm over the exovate is marked by a seam. The seam increases in length as the blastopore moves down. The distance which the dorsal lip has travelled is thus marked on the surface. d) Owing to the retarding effect of the exovate the blastopore closes in at the lower pole of the egg, rather than further on as in the normal egg.
e) The embryo develops mainly over the lower hemisphere; the head forming in and just beyond the region in which the dorsal lip was first seen, and the tail appearing at a point on the lower hemisphere nearly opposite (Roux).
f) The notoehord develops at a later period than in the normal embryo.
g) When the medullary folds roll in a yolk plug is usually present in the middle of the dorsal surface of the embryo (Roux).
h) While the medullary tube is forming the yolk plug is generally carried back and overgrown from the sides.
i) The presence of the yolk plug delays or prevents the union of the halves of the embryo posterior to it. j) In some embryos in which the yolk plug was early overgrown the separate parts of the nervous system unite but the resulting cord is always small and imbedded in mesoderm.
k) The presence of a yolk plug may cause a separate development of the halves of the embryo both anterior and posterior to the plug. Just in front of the yolk plug the walls of the both nervous systems may fuse though the canals are never continuous. The notoehords are separate in origin and never unite. l) Only one half of the embryo posterior to the yolk plug may continue to develop. m) In some few embryos the material of one side only may give rise to a nervous system having nearly a whole form, with the notochord just beneath, and mesoderm on either side of the notechord; i. e. an embryo that is more than a half on one side.
It was found that when exovates were produced (at the time of the first appearance of the dorsal lip of the blastopore)just below the equator of the egg in the regions where the ventral or lateral lips would later form that: a) When the blastopore appears the exovate is attached to the edge of the lip, which shows that the sides of the embryo~aro formed from the material that lies just below the equator of the egg.
When an exovate was produced at the lower pole in the yolk just after the blastopore had become circular it was found that: a) From the time the blastopore becomes circular the dorsal lip moves 1/3 faster than do the ventral and lateral lips.
b) The blastopore closes in the normal egg at a point beyond the lower pole.
When the left part of the dorsal lip is removed with a cold needle:
a) The right side of the dorsal lip extends around the egg and the ventral lip often appears beiore the left part of the dorsal lip is formed again.
b) The exovate, in those eggs in which the blastopore does not close completely, lies to the left of the centre. c) Some of the embryos are bent to the left side, but in the course of two days straighten themselves.
d) When~ as in this experiment, one side of the early blastopore is destroyed, more than half an embryo did not develop on the other side.
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Plates XXIX and XXX.
Figs. 1--11. Surface views of embryos in which the dorsal lip of the blastopore had been earlier removed. Fig. 1 . An embryo in which after the yolk plug was overgrown the nervous system of each side united. Fig. 2 . An embryo in which the nervous system has rolled in and formed beneath the yolk plug. Fig. 3 . An embryo in which the presence of a yolk plug has caused the separate development of each half. Fig. 4 . The anterior part of the embryo (the brain and eyes) are absent. Two nerve cords, separate in origin, are present. Fig. 5 . The nervous system in the posterior region has been derived from the material of one side only.
Figs. 6 and 7. Eggs in which more than half an embryo has developed on one side. Fig. 8 . Posterior to the yolk plug the halves of the embryo have not united into a whole structure. Figs. 9--11. To show the method of overgrowth of the yolk plug. Fig. 9 . The yolk plug is present in the middle of the dorsal surface of the embryo. Fig. 10 . The yolk plug has become smaller and has been carried further back. Fig. 11 . The yolk plug has been entirely overgrown and its position in the tail marked on the surface by a depression. 
